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I t  i s  p o s s i b l e  i n  p r i n c i p l e  t h a t  t h e  n iFh t t ime  F l a y e r  i s  main ta ined  

t e i t h e r  by Ht  i o n s  i n  t h e  protonosphere -- prov id ing  a source  o f  0 

charge  exchange, o r  by an upward d r i f t  o f  i o n i z a t i o n  which ra i ses  t h e  l a y e r  

i o n s  through 

t o  an a l t i t u d e  where recombinat ion is slow, 

The s t e a d y  s t a t e  s o l u t i o n  of t h e  k i t  and 0' ion  d i s t r i b u t i o n s  and f l u x e s  

t when t h e  H i o n s  act  as a source  f o r  t h e  r - l a y e r  i s  p resen ted .  I t  is  shown t h a t ,  

on t h e  average ,  t h e  number of  I{ i o n s  t h a t  would be consumed by t h i s  p r o c e s s  can- 

n o t  be s u p p l i e d  by upward d i f f u s i o n  i n  t h e  dayt ime,  

reached  by t h e  a u t h o r s  p rev ious ly  b u t  from a more r e s t r i c t e d  c a l c u l a t i o n . )  

t 

( A  s i n i l a r  conc lus ion  was 

The a l t e r n a t i v e  hypo thes i s  f o r  ma in ta in ing  t h e  n i p h t t i m e  r - l a y e r  by an 

The a n a y l s i s  is  ap- u?ward d r i f t  of i o n i z a t i o n  is examined i n  some d e t a i l .  

p l i e d  t o  a p a r t i c u l a r  n i g h t t i m e  ionosonde r e c o r d  which is shown t o  be c o n s i s t e n t  I 

w i t h  a v e r t i c a l  d r i f t  v e l o c i t y  of a t  least  30 m/sec. 

A method f o r  deducing t h e  d r i f t  v e l o c i t y  from'hmF2 and o t h e r  i o n o s p h e r i c  

pa rame te r s  is  p resen ted .  

con junc t ion  wi th  i o n i z a t i o n  d r i f t  v e l o c i t y  d a t a  t o  un ique ly  de te rmine  t h e  iono- 

I t  i s  sugges ted  t h a t  t h i s  in format ion  can be used i n  

s p h e r i c  e lec t r ic  f i e l d  and t h e  southward component of t h e  a tmospher ic  wind system 

a t  F2 peak h e i g h t s .  



c .- I t  has  long  been r e a l i z e d  t h a t  a t  moderate l a t i t u d e s  t h e  n i g h t t i m e  F l a y e r ,  

p a r t i c u l a r l y  i n  w i n t e r ,  decays much more s lowly  i n  t h e  hours  b e f o r e  s u n r i s e  

t h a n  d u r i n g  t h e  hours  a f t e r  s u n s e t  (Croom, Kobbins and Thomas, 1959; Wright,  1962).  

T h i s  behavior  can be e x p l a i n e d  e i t h e r  i n  terms of  a n i g h t t i m e  source  of i o n s ,  o r  

by a change i n  t h e  e f f e c t l v e  recombination c o e f f i c i e n t  f o r  t h e  l a y e r ,  
t 

Two ways 

I by which t h e  n i g h t t i m e  i o n i z q t i o n  could arise are from a d i r e c t  i o n i z a t i o n  mechanism, 

e.g., from e n e r g e t i c  p a r t i c l e s ,  or by charge exchange of t h e  H' i o n i z a t i o n  r e s e r v o i r  

i n  t h e  protonosphere w i t h  a t o n i c  oxygen. 

c o e f f i c i e n t  of  t h e  F l a y e r  could  a r i s e  from an a c t u a l  change i n  t h e  chemical  

Changes i n  t h e  e f f e c t i v e  recombinat ion -_ 

I composi t ion of t h e  atmosphere o r  by a v e r t i c a l  t r a n s l a t i o n  of t h e  F l a y e r  i n t o  

a r e g i o n  of  lower a tmospher ic  d e n s i t y ;  on ly  t h e  l a t e r  mechanism could  produce 

l a r g e  changes i n  t h e  a c t u a l  l o s s  r a t e .  Chances i n  t h e  ra tes  of chemical  pro- 

cesses wi th  tempera ture  cannot be exc luded ,  but  l i t t l e  is known of t h e  tempera ture  

c o e f f i c i e n t s  f o r  t h e  p e r t i n e n t  r e a c t i o n s .  

The p o s s i b i l i t y  t h a t  t h e  protonosphere may act  as a n i g h t t i m e  i o n i z a t i o n  

source  i s  re-examined i n  t h i s  paper ,  w i t h  an approach which i s  somewhat more 

r e a l i s t i c  t h a n  h a s  p r e v i o u s l y  been made (Hanson and P a t t e r s o n ,  1963) .  I t  is 

found t h a t  t h e  protonosphere cannot main ta in  t h e  n i g h t t i m e  F l a y e r  on a r e g u l a r  

b a s i s  s i n c e  it is  n o t  p o s s i b l e  dur ing  t h e  day t o ' g e n e r a t e  t h e  r e q u i s i t e  r e t u r n  

f l u x  of pro tons .  

The d e t a i l e d  examinat ion of  a p a r t  i c u i a r  n i g h t t i m e  ionosonde r e c o r d  which 

was confirmed w i t h  r e s u l t s  ob ta ined  with a Blue Scout rocke t  (Sagalyn and 

Smiddy, 1964) shows t h a t  t h e r e  must have been an upward d r i f t  of t h e  F- layer  

time i o n i z a t i o n  source  would have been r e q u i r e d .  A r e l a t i o n s h i p  between t h e  

h e i g h t  of  t h e  F2 peak and t h e  v e r t i c a l  i o n i z a t i o n  d r i f t  v e l o c i t y  is o b t a i n e d  



- 2  - 
c 

f o r  t h e  case where the loss coeff ic ient ,  8 ,  has t h e  scale h e i g h t  of molecular  n i t r o g e n .  

4. THE DIFFUSION EQUATIONS 

2 . 1 General  Equat ions  

The e q u a t i o n s  d e s c r i b i n g  t h e  mutual d i f f u s i o n  of s i n g l y  charged i o n s  and 

n e u t r a l  p a r t i c l e s  i n  t h e  ionosphere w i l l  now be der ived .  The e q u a t i o n s  of 

motion of a multicomponent gas are given by (Chapman and Cowling, 1960), 

n n  - -  - n s L s  - I p s  + kTJn n . ( L j - s ) / b s j  . 
s s  D t  j s 1  

D s / D t  is t h e  time d e r i v a t i v e  fo l lowing  t h e  motion of g a s  s; ns,  ms ,  cs, ps 

and T are r e s p e c t i v e l y  t h e  c o n c e n t r a t i o n ,  mass p e r  p a r t i c l e ,  mean v e l o c i t y ,  

p a r t i a l  p r e s s u r e  and tempera ture  of g a s  s ,  and k is Boltzmann's c o n s t a n t .  

is t h e  force p e r  p a r t i c l e  a c t i n g  on gas S. 

S 

FS 

I t  is assumed t h a t  a l l  t h e  i o n s  

and 

bi j 

n e u t r a l  p a r t i c l e s  have t h e  same t e m p e r a t u r e  T. The c o l l i s i o n  parameters  

are d e f i n e d  a c c o r d i n g  t o ,  

where D i j  i s  t h e  b i n a r y  c o e f f i c i e n t  of d i f f u s i o n  f o r  g a s e s  i and j a t  t h e  

p r e s s u r e  of t h e  e n t i r e  mixutre .  

o n l y  o v e r  i o n s  and n e u t r a l  p a r t i c l e s  so t h a t  t h e  r e s i s t a n c e s  encountered  by 

d i f f u s i o n  of t h e  heavy p a r t i c l e s  through t h e  e l e c t r o n  g a s  are n e g l e c t e d .  

F u r t h e r ,  (1) o n l y  a p p l i e s  i n  an i s o t h e r m a l  r e g i o n  where thermal  d i f f u s i o n  need 

n o t  be included.  S e t t i n g  

The summations i n  (1) and ( 2 )  are t o  be t a k e n  

ps = nskT 
S' 

( 3 )  

n e g l e c t i n g  t h e  a c c e l e r a t i o n  term on t h e  l e f t  hand s i d e  of (1) and n o t i n g  t h a t  

i n  t h e  absence of a magnet ic  f i e l d ,  
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where & is t h e  a c c e l e r a t i o n  of g r a v i t y ,  es is  t h e  electric charge  on t h e  

p a r t i c l e s  of g a s  S ,  and E i s  t h e  e lec t r ic  f i e l d  v e c t o r ,  g i v e s ,  - 

The e l e c t r o n  c o n c e n t r a t i o n  g r a d i e n t  i s  given by 

e E  

where Te i s  t h e  e l e c t r o n  tempera ture ,  n 

e i s  t h e  magnitude of t h e  charge on t h e  e l e c t r o n .  

is t h e  c o n c e n t r a t i o n  of e l e c t r o n s  and 

The c o l l i s i o n  terms and t h e  

e 

term c o n t a i n i n g  t h e  e l e c t r o n  mass i n  (5) have been n e g l e c t e d  i n  d e r i v i n g  ( 6 ) .  

The u s u a l  assumption i s  made t h a t  t h e  n e t  space charge i n  t h e  ionosphere 

i s  zero.  S ince  only  s i n g l y  charged i o n s  are c o n s i d e r e d ,  t h i s  r e q u i r e s  t h a t  

where 1 ” d e n o t e s  summation o v e r  t h e  i o n s  a l o n e  and e x c l u d e s  n e u t r a l  p a r t i c l e s  

as w e l l  a s  e l e c t r o n s .  I t  is f u r t h e r  assumed t h a t  t h e  ionosphere i s  h o r i z o n t a l l y  

s t r a t i f i e d .  

Taking t h e  z-component ( v e r t i c a l )  of (51 ,  summing over  a l l  t h e  i o n s ,  and 

u s i n g  ( 7 )  and t h e  z-component of (6) g i v e s  

where 

€is = kT/msg( z )  
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and 4. is t h e  z-component o f  nj&j. The z-component of  ( 5 )  i s  t h u s  
3 

I n  a d d i t i o n  each  s p e c i e s  must s a t i s f y  t h e  e q u a t i o n  of  c o n t i n u i t y ,  

where Ss and L are t h e  product ion  a n d ' l o s s  r a t e s  p e r  u n i t  volume f o r  s p e c i e s  
s 

S. 

s i t u a t i o n  d e s c r i b e d  above. 

component of t h e  f o r c e s  on t h e  plasma p e r p e n d i c u l a r  t o  t h e  magnet ic  f i e l d  es- 

t a b l i s h  a c u r r e n t  j such t h a t  i X B c o u n t e r a c t s  t h e s e  f o r c e s .  E x t e r n a l  elec- 

t r i c  f i e l d s  (e .g . ,  t h e  p o l a r i z a t i o n  f i e l d  a r i s i n g  from t h e  dynamo c u r r e n t  sys- 

tem) on t h e  o t h e r  hand cause t h e  plasma t o  d r i f t  wi th  a v e l o c i t y  E X B / B  . I n  

e f f ec t ,  t h e  plasma is c o n s t r a i n e d  t o  f o l l o w  t h e  magnet ic  f i e l d  l i n e s  above 200 

km where t h e  ion and e l e c t r o n  c o l l i s i o n  f r e q u e n c i e s  are small compared t o  t h e i r  

gyrof requencies .  If t h e  n e u t r a l  gas  is a t  rest and t h e r e  are no  e x t e r n a l  elec- 

t r i c  f i e l d s ,  t h e  magnet ic  f i e l d  may be t a k e n  i n t o  account  i n  (10) by m u l t i p l y i n g  

The presence  of  a magnetic f i e l d  which i s  n o t  v e r t i c a l  changes t h e  s imple 

When there are no e x t e r n a l  e l ec t r i c  f i e l d s ,  t h e  

- - 

2 - -  

t h e  c o l l i s i o n  c o e f f i c i e n l s b . .  by s i n  2 I ,  where I is t h e  magnetic d i p  angle .  
1 3  

(For small I more e l a b o r a t e  s t e p s  need t o  be t a k e n . )  

I n  s e c t i o n  4 t h e  d i f f u s i o n  of a plasma c o n t a i n i n g  a s i n g l e  s p e c i e s  of  

p o s i t i v e  i o n s  w i l l  be d iscussed .  Dougherty (1961) h a s  c o n s i d e r e d  t h i s  case i n  

some d e t a i l  and h a s  taken  i n t o  account t h e  presence  of imposed e l ec t r i c  f i e l d s  

and h o r i z o n t a l  motions of t h e  n e u t r a l  atmosphere. H i s  r e s u l t s  show t h a t  t h e  

c o n t i n u i t y  e q u a t i o n  f o r  a h o r i z o n t a l l y  s t r a t i f i e d  medium becomes modif ied by t h e  

i n t r o d u c t i o n  of a v e r t i c a l  d r i f t  of t h e  i o n i z a t i o n  wi th  v e l o c i t y '  w,  and f o r  atomic 



- 5 -  

oxygen i o n s  t a k e s  t h e  form, 

3 a n  9$3 an 

a t  a z  a z  
t- t w- = s3 - L3, ( 1 2 )  

where w i s  t h e  same f o r  t h e  i o n s  and e l e c t r o n s  i f  n o  n e t  c u r r e n t s  f low a long  

t h e  magnet ic  f i e l d  l i n e s .  ti i s  assumed independent of a l t i t u d e ,  and is de- 

te rmined  by t h e  imposed e l e c t r i c  f i e l d s  and t h e  h o r i z o n t a l  motions of t h e  neu- 

t r a l  atmosphere,  which i s  assumed t o  be independent of Z. 

t r a t i o n  of  atomic 3xygen i o n s  and S3 and L3 are t h e  product ion  and loss ra tes  

n3 i s  t h e  concen- 

of  a tomic oxygen ions .  A f u r t h e r  modi f ica t ion  should  p r o p e r l y  be made t o  ( 1 2 )  

t o  take i n t o  account  t h e  v e r t i c a l  divergence of  t h e  magnet ic  f i e l d  l i n e s .  The 

magnitude of  t h i s  e f f e c t  h a s  been c a l c u l a t e d ,  however, and i t s  n e g l e c t  does n o t  

affect  any of t h e  c o n c l u s i o n s  of  t h i s  paper.  

2.2 The Steady S t a t e  Di f fus ion  of H t ,  0 and 0' 

The s t e a d y  s ta te  d i f f u s i o n  o f  hydropen i o n s ,  oxygen atoms and atomic oxygen 

i o n s  i s  of p a r t i c u l a r  i n t e r e s t  i n  t h i s  s tudy ,  Expanding (10) g i v e s  

and 
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where t h e  s u b s c r i p t s  1, 2 and 3 r e f e r  r e s p e c t i v e l y  t o  hydrogen i o n s ,  oxygen 

‘atoms and atomic oxygen ions.  I t  is assumed t h a t  0 

is zero. 

t o  n2/H2 so t h a t  a tomic oxygen can be t a k e n  t o  be i n  d i f f u s i v e  e q u i l i b r i u m .  

t h e  v e r t i c a l  f l u x  of 0, 
2’ 

The l a s t  two terms on t h e  r i g h t  hand s i d e  of (14 )  are small compared 

I n  t h e  s t e a d y  s t a t e  s i t u a t i o n ,  t h e  f l u x e s  of Ht and 0’ must also s a t i s f y  

t h e  e q u a t i o n s  of c o n t i n u i t y ,  

I - = K  ( n n  - - n n )  1 2  
f3z l8 9 

(16) 

and 

(17) - -  a 5 % - an - B ~ , - - J  2 
B z  J Z  

where K18 i s  t h e  ra te  c o e f f i c i e n t  i n  t h e  forward d i r e c t i o n  of t h e  charge  ex- 

change r e a c t i o n ,  

and n4  is c o n c e n t r a t i o n  of hydrogen atoms. 

r a t i o  of t h e  p r o d u c t s  of  t h e  s ta t i s t ica l  weights ,  w ,  on t h e  l e f t  and r i g h t  hand 

The fac tor  8 /9  i n  (16) is t h e  

s i d e s  of (18) .  V e r t i c a l  d r i f t  of t h e  i o n i z a t i o n  h a s  been ignored  i n  (16)  and 

(17). I t  i s  assumed t h a t  t h e  oxygen i o n s  are d e s t r o y e d  p r i n c i p a l l y  by t h e  

react i o n ,  

(19) t 
0 t N 2  + N O +  t N, 

and so i n  ( 1 7 )  
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where K19 is t h e  ra te  c o e f f i c i e n t  of (19) and n(N2) is t h e  molecular  n i t r o g e n  

& c o n c e n t r a t i o n .  a i s  t h e  ra te  c o e f f i c i e n t  of t h e  r e a c t i o n  

t O + h v + O  + e .  ( 2 1 )  

P h o t o i o n i z a t i o n  

i n  (16). 

and r a d i a t i v e  recombinat ion of atomic hydrogen are n e g l e c t e d  

In t h e  subsequent c a l c u l a t i o n s  t h e  f o l l o w i n g  e x p r e s s i o n s  were adopted 

f o r  t h e  v a r i o u s  atmospheric  parameters  appear ing  i n  t h e  d i f f u s i o n  e q u a t i o n s :  

n 2 ( z )  = n2(400 km) exp ( -16 .8X)~m'~ ,  ( 2 2 )  

n 4 ( z )  = n4(400 km) exp ( -1 .05X)~rn-~ ,  (23) 

and 

where 

X = ( 6 7 7 0 / 6 3 7 0 + ~ )  (z-400)/T 

and 

( 2 4 )  ~ ( z )  = B ( 4 0 0  km) exp (-29.4X)sec -1 , 

2 H1 = (6370tz/G770) T / l . O S  km, 

H3 = H /16 km, 
1 

( 2 5 )  

( 2 6 )  

( 2 7 )  

= 5.7 x 10l8 (T/100C>1/2cm'1 sec'l, (30) b2 3 5 
and 

The a l t i t u d e  z is  measured in  km. I t  may be n o t e d  t h a t  t h e  a l t i t u d e  dependence 

of  g r a v i t y  i s  t a k e n  i n t o  account i n  e q u a t i o n s  ( 2 2 )  t o  ( 2 6 ) .  I n  correspondence 



- 8 -  

wi th  (19), B(z) was t aken  t o  be p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  of mole- 

c u l a r  n i t r o g e n .  The c o l l i s i o n  c o e f f i c i e n t s  b and b23 are t h o s e  adopted by 

Dalgarno (1961), excep t  t h a t  b23 has  been t aken  t o  be a f a c t o r  of 2.5 l a r g e r  

t h a n  t h a t  given by him (Dalgarno,  p r i v a t e  communication; Knof, blason and 

0 
I 

12 

Vander s l i ce ,  19631, The v a l u e  of b i s  t h a t  adopted by Bates and P a t t e r s o n  (1961). 13 

3.  ~ ~ ~ A I ~ ~ T E I i A l l C E  CF THE NIGHTT1l.E F-REGION USIIJG Ht  IONS 

3 .1  The IJ ieht t ime F-Reeion So lu t ion  

A s  t h e  F2 l a y e r  decays  a f t e r  s u n s e t ,  t h e  oxygen ion  c o n c e n t r a t i o n  a t  h igh  

a l t i t u d e s  i s  reduced and t h e  l a y e r  of hydrogen i o n s ,  which e f f e c t i v e l y  " f l o a t s "  

on the  oxygen i o n s ,  t e n d s  t o  be lowered i n t o  t h e  r e g i o n  where charge  exchange 

wi th  atomic oxygen, as  g iven  by (181, t akes  p l a c e  more e f f e c t i v e l y ,  T h i s  pro- 

cess r e p l e n i s h e s  t h e  oxygen ion  supply,  and a s t e a d y  s t a t e  might be approached 

where enough hydrogen i o n s  are converted t o  oxyFen i o n s  t o  ba lance  most of t h e  

l o s s e s  t a k i n g  p l a c e  by (19) n e a r  t h e  F2 peak. 

To o b t a i n  a s o l u t i o n  t o  t h e  problem, it is  necessa ry  t o  s o l v e  (131, (15), 

(161, and (17) s imul taneous ly .  ( a  i s  z e r o  f o r  t h e  n i e h t t i m e  s o l u t i o n , )  The 

s t e a d y - s t a t e  s o l u t i o n  of  t h e s e  equa t ions  is s t r a i g h t - f o r w a r d  i f  a t  any l e v e l  i n  

t h e  ionosphere t h e  v a l u e s  of nl, n3, 91, and $3 are known. 

i o n s ,  however, cannot  be s t a t e d  i n  such a s imple  form, and i n  p r a c t i c e  t h e  pro- 

The boundary cond i t -  

blem must be t r e a t e d  a s  an e igenvalue  problem, t h e  v a l u e s  of nl ,  n3,  q1, and 93 

b e i n g  a d j u s t e d  a t  some l e v e l  u n t i l  a s o l u t i o n  is o b t a i n e d  having t h e  p rope r  

p h y s i c a l  c h a r a c t e r i s t i c s .  These c h a r a c t e r i s t i c s  are t h a t ,  ( a )  9, should  ap- 

proach  z e r o  a t  h igh  a l t i t u d e s  and z e r o  a t  low a l t i t u d e s ,  ( b )  6 should  approach 

zero a t  low a l t i t u d e s  and a cons tan t  v a l u e  a t  h igh  a l t i t u d e s ,  ( c )  nl and n3 

shou ld  dec rease  monotonica l ly  w i t h  a l t i t u d e  a t  low a l t i t u d e s .  

1 

The f irst  s t e p  i n  t h e  s o l u t i o r  i s  t o  choose a s t a r t i n g  a l t i t u d e ,  z h igh  
0' 

enough t o  l i e  above t h e  F2 peak and low enough t h a t  0' is s t i l l  t h e  major i o n i c  
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c o n s t i t u e n t .  For a given v a l u e  of n3(zo) a unique v a l u e  f o r  $3(zo) 

by i n t e g r a t i n g  t h e  e q u a t i o n s  downwards ana a d j u s t i n g  +3(zo) u n t i l  t h e  lower bound- 

a r y  c o n d i t i o n  on n i s  s a t i s f i e d ,  

is obta ined  .. 
I 

3 

The second s t e p  takes i n t o  account t h e  presence  of  hydrogen i o n s .  Values 

of nl(zo) and 41(zo) are 

i n t e g r a t e d  upwards; t h e  v a l u e  of $,(zo) used f o r  t h e  upwards i n t e g r a t i o n  i s  

de termined  by keeping t h e  t o t a l  ion f l u x  $,(zo) + $, (z0)  e q u a l  t o  t h e  v a l u e  

o b t a i n e d  f o r  6,(z0)  i n  t h e  f i rs t  s t e p .  

somewhat a r b i t r a r i l y  chosen,  and t h e  e q u a t i o n s  a r e  

The v a l u e  of n l ( z  ) 
0 

i s  t h e n  a d j u s t e d  u n t i l  t h e  upwards i n t e p r a t i o n  s o l u t i o n  l e a d s  t o  t h e  c o n d i t i o n  

$13(1500 krri) $ ( z  1, 
3 0  

The t h i r d  s t e p  i s  t o  a g a i n  i n t e g r a t e  downwards from z u s i n g  t h e  v a l u e s  of 
0 

$13(zo) and n ( z  ) o b t a i n e d  from t h e  second s t e p ,  

low a l t i t u d e s d o e s  n o t  approach i t s  chemical  e q u i l i b r i u m  v a l u e ,  41(z 1 is ad- 

j u s t e d  and s t e p s  two and t h r e e  a r e  repea ted .  

If t h e  n1 d i s t r i b u t i o n  a t  1 0  

0 

T h i s  i t e r a t i v e  t e c h n i q u e  f i n a l l y  l e a d s  t o  n and n 3  d i s t r i b u t i o n s  s a t i s f y -  1 

i n g  t h e  c o r r e c t  boundary condi t ions .  The i n t e g r a t i o n s  were c a r r i e d  o u t  u s i n g  a 

CDC 1604 computer,  t h e  i t e r a t i o n s  being performed a u t o m a t i c a l l y .  The s o l u t i o n s  

a t  h i g h  a l t i t u d e s  o b t a i n e d  by t h i s  technique  a r e  similar t o  t h o s e  given by Hanson 

and P a t t e r s o n  (19631, except  t h a t  t h e  p r e s e n t  s o l u t i o n s  are more r e a l i s t i c  s i n c e  

t h e y  i n c l u d e  t h e  r e g i o n  n e a r  t h e  F2 peak and Q, i s  t r e a t e d  a s  a v a r i a b l e  i n s t e a d  

of b e i n g  t a k e n  e q u a l  t o  zero .  

Some t y p i c a l  s o l u t i o n s  obta ined  are p l o t t e d  i n  F igure  1, The p e r t i n e n t  

p a r a m e t e r s  which d i s t i n g u i s h  t h e  s o l u t i o n s  are given i n  Table 1, 

from t h e  d a t a  t h a t  a downward f l u x  of hydrogen i o n s  of t h e  o r d e r  of lo8 i o n s  cm'2 

sec'' is r e q u i r e d  t o  main ta in  t h e  F r e g i o n  a t  a s t a t i o n a r y  i o n i z a t i o n  l e v e l  of 

a b o u t  lo5 i o n s  ~ m ' ~ ,  

I t  is clear 

T h i s  s ta tement  is v a l i d  fo r  a r a t h e r  wide range of K18 and 8. 
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One of t h e  p r e r e q u i s i t e s  f o r  the  source  of t h e  ( w i n t e r )  n i g h t t i m e  F . 
I 

r e g i o n  is t h a t  it must be a b l e  t o  maintain t h e  r e g i o n  f o r  s e v e r a l  h o u r s  a t  a 

time. 

can be obta ined  u s i n g  t h e  w h i s t l e r  data of Smith (1961)  as an e q u a t o r i a l  bound- 

a r y  c o n d i t i o n .  

f i e l d  l i n e s  t o  1 0 0 0  km u s i n g  t h e  d i f f u s i v e  e q u i l i b r i u m  e x p r e s s i o n  of Johnson 

(1960) .  

t h e  t o t a l  f l u x  t u b e  c o n t e n t  p e r  c m 2  d e r i v e d  i n  t h i s  manner are shown v e r s u s  geo- 

magnet ic  l a t i t u d e  i n  Figure 2 f o r  plasma t e m p e r a t u r e s  of 1000°K, 1500°K, and 

2000°K. The t o t a l  c o n t e n t  i s  seen t o  i n c r e a s e  with i n c r e a s i n g  

l a t i t u d e  and t o  be of t h e  o r d e r  of  1013 Ht  i o n s  p e r  cm , i .e . ,  n o t  t o o  d i f f e r e n t  

from t h a t  given by Hanson and Grtenberger  (1961) .  

t h e  magnetosphere except  n e a r  t h e  e q u a t o r  appears  t o  be s u f f i c i e n t  t o  supply  a 

f low of l o 8  Ht i o n s  p e r  c m 2  which could main ta in  11mF2 a t  about lo5 i o n s  cm'3 f o r  

a p e r i o d  of  a t  l eas t  s i x  hours.  

An estimate of t h e  number of Ht  i o n s  a v a i l a b l e  p e r  cm2 above 1000 km 

These d a t a  were i n t e g r a t e d  downward a long  ( d i p o l e )  magnet ic  

The presence  of o t h e r  i o n s  was ignored .  The v a l u e  of  nl(lOOO km) and 

2 

Hence, t h e  Ht ion c o n t e n t  of 

3.2 The Daytime F-Region S o l u t i o n  

A f u r t h e r  c o n s t r a i n t  on t h e  hypothes is  t h a t  Ht  i o n s  a r e  used up t o  main ta in  

t t h e  n i g h t t i m e  F l a y e r  is  t h a t  t h e  H i o n s  removed a t  n i g h t  must somehow be re- 

p l e n i s h e d .  One obvious method i s  f o r  them t o  d i f f u s e  back up i n t o  t h e  magneto- 

s p h e r e  d u r i n g  t h e  daytime u s i n g  t h e  i n v e r s e  charge-exchange p r o c e s s  ( 1 8 )  as  a 

source .  A c a l c u l a t i o n  of  t h i s  r e t u r n  f l u x  was made p r e v i o u s l y  by Hanson and 

P a t t e r s o n  (19631, b u t  t h e r e  t h e  f l u x  of 0 i o n s  was a r b i t r a r i l y  set e q u a l  t o  
+ 

zero. I n  t h i s  s e c t i o n  a s e l f - c o n s i s t e n t  s o l u t i o n ,  similar t o  t h e  p r e v i o u s l y  

developed n i g h t t i m e  s o l u t i o n ,  w i l l  be  obta ined .  

A s t e a d y - s t a t e  s o l u t i o n  is sought ,  an3  a g a i n  (i3j, (is), (16), ad (1:) 

must be so lved  s imul taneous ly ,  Magnetic s p r e a d i n g  and v e r t i c a l  i o n i z a t i o n  d r i f t  

v e l o c i t i e s  are ignored.  The primary d i f f e r e n c e  from t h e  n i g h t t i m e  s o l u t i o n  is 
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t h a t  t h e  p h o t o i o n i z a t i o n  rate c o n s t a n t  f o r  oxygen must be taken  i n t o  account ,  

S ince  t h e  p h o t o i o n i z a t i o n  of hydrogen is n e g l e c t e d  i n  t h i s  s o l u t i o n ,  it is 
* 

n e c e s s a r y  t h a t  a t  some a l t i t u d e  z t h e  f l u x  of oxygen i o n s  0 must be zero if 

a l a r g e  u?ward f l u x  of Ht i o n s  is  t o  occur ,  

f o r  0 

s 3 

There is  e s s e n t i a l l y  a s i n k  

t i o n s  a t  both  h igh  and low a l t i t u d e ,  t h e  h igh  a l t i t u d e  s i n k  r e s u l t i n g  

from charge exchange and t h e  low a l t i t u d e  s i n k  from recombinat ion.  Thus above 

The p o s i t i v e  f l u x  of oxygen i o n s  is p o s i t i v e  and below 0 is  n e g a t i v e .  
zs' 93  3 

i s  converted t o  kit i o n s  above z s  and t h e  upper  bound on 0, i s  t h a t  it should 

approach z e r o  a t  g r e a t  a l t i t u d e s .  

The first s t e p  i n  t h e  s o l u t i o n  of  t h e  e q u a t i o n s  is  t o  choose a l e v e l  zs 

well above t h e  F2 peak and set 4, = 0 a t  t h i s  l e v e l ,  

i s  a t  first ignored  and (15) and (17) are i n t e g r a t e d  downwards choosing an 

a r b i t r a r y  v a l u e  f o r  n 3 ( z s ) ,  

c o n d i t i o n  t h a t  n -+ 0 and Q 

cedure  r e p e a t e d  u n t i l  a s a t i s f a c t o r y  s o l u t i o n  is found. The f i n a l  v a l u e  found 

The presence of H+ i o n s  

If t h e  s o l u t i o n  f a i l s  t o  s a t i s f y  t h e  lower boundary 

+ 0 as  z + 0 ,  t h e n  n (2,) is a d j u s t e d  and t h e  pro-  
3 3 3 

f o r  n ( z  1 is  kept  f i x e d  f o r  t h e  remainder of  t h e  s o l u t i o n .  3 s  

The second s t e p  i s  t o  i n t e g r a t e  a l l  f o u r  e q u a t i o n s  ( i n c l u d i n g  Ii+ i o n s )  

upwards u s i n g  n ( z s )  o b t a i n e d  i n  s t e p  1 and choosing a small p o s i t i v e  a r b i t r a r y  

v a l u e  for  41(zs). i s  a d j u s t e d  (a lways  keeping it l e s s  t h a n  

t h e  Ht ion  c h e m i c a l - e q u i l i b r i u m  value t o  i n s u r e  an upward f l u x  of p r o t o n s )  i n  

a s y s t e m a t i c  way u n t i l  a s a t i s f a c t o r y  upward s o l u t i o n  i s  obta ined  ( @3 + 0 as z + -1. 

If z has  been chosen t o o  low, no  such s o l u t i o n  i s  p o s s i b l e ;  z must t h e n  be 

i n c r e a s e d  and t h e  e n t i r e  s o l u t i o n  recommenced. 

3 

The v a l u e  of n ( z  1 s  

s s 

The t h i r d  s t e p  i s  t o  i n t e g r a t e  t h e  f o u r  e q u a t i o n s  downwards u s i n g  t h e  

determined v a l u e s  of n ( z  1, n ( z  1, +l(zs),  (I ( z  1. 

i ts  chemical  e q u i l i b r i u m  va lue  a t  low a l t i t u d e s  ml(zS) is  a d j u s t e d  and s t e p s  two 

and t h r e e  are r e p e a t e d  u n t i l  t h e  lower boundary c o n d i t i o n  is s a t i s f i e d .  I f  such 

If n f a i l s  t o  approach 
1 s  3 s  3 s  1 



a complete s o l u t i o n  i s  o b t a i n e d  with t h e  o r i g i n a l  z s ,  t h e n  smaller v a l u e s  

of zs are t r i e d  u n t i l  e v e n t u a l l y  f o r  some z 

t h e  v a l u e  of z 

s p h e r e ;  t h e  c o n c e n t r a t i o n  of H 

. 
no s o l u t i o n  can be found. The lcwer 

S 
+ 

t h e  g r e a t e r  w i l l  be t h e  upward H ion  f l u x  i n t o  t h e  magneto- s 
+ ions  a t  high a l t i t u d e s  d e c r e a s e s  wi th  decreas-  

i n g  z , and converse ly .  S 

Two complete s o l u t i o n s  are Shohm i n  F’igs.3 and 4. The p e r t i n e n t  para-  

meters f o r  t h e  c u r v e s  p l o t t e d  are presented  i n  Table 2 .  Curves A of Fig. 3 

r e s u l t  from choosing Q = 0 a t  900 km; t h e  r e s u l t a n t  upward f l u x  of H’ i o n s  

is 5 .1  x 1 0  cm sec . Curves B o f  Fig. 3 are o b t a i n e d  when $3 is set e q u a l  

t o  z e r o  a t  800 km. This  r e s u l t s  in an i n c r e a s e  of Q t o  1 .2  x 1 0  c m  sec-1, 

b u t  g i v e s  a smaller v a l u e  of n a t  high a l t i t u d e s .  An a t t e m p t  t o  i n c r e a s e  t h e  

3 
6 -2 -1 

7 -2 
1 

1 
upward f l u x  f u r t h e r  by choosing a lower a l t i t u d e  ( s a y  750 km) a t  which $ = 0 3 

y i e l d s  n e g a t i v e  v a l u e s  o f  n a t  high a l t i t u d e s ,  i .e. ,  it does  not  r e s u l t  i n  a 

p h y s i c a l l y  r e a s o n a b l e  s o l u t i o n .  

1 

3.3 The Effect of Unequal Ion and E l e c t r o n  Temperatures 

For a l l  of t h e  s o l u t i o n s  t h u s  f a r  p r e s e n t e d  it has  been assumed t h a t  t h e  

e l e c t r o n ,  i o n ,  and n e u t r a l  p a r t i c l e  t e m p e r a t u r e s  were equal .  There is con- 

s i d e r a b l e  ev idence ,  however, t h a t  t h e  daytime e l e c t r o n  tempera ture  may be con- 

s i d e r a b l y  h i g h e r  t h a n  t h e  n e u t r a l - p a r t i c l e  tempera ture .  

d i f f e r e n c e  was p r e d i c t e d  t h e o r e t i c a l l y  i n  t h e  a l t i t u d e  range  from 150 t o  300 km 

(Hanson and Johnson, 1961; Hanson, 1963; Dalgarno, KcElroy, and H o f f e t t ,  1963) .  

Exper imenta l ly  it is observed t h a t  t h e  tempera ture  d i f f e r e n c e  on many o c c a s i o n s  

may e x t e n d  t o  very  much p r e a t e r  a l t i t u d e s  (Nagy, Brace, Carignan and Kanal, 1963).  

Though t h e  e l e c t r o n  t e n p e r a t u r e  does n o t  d i r e c t l y  a f f e c t  t h e  ion-ion d i f f u s i o n  

c o e f f i c i e n t s ,  it does  a f f e c t  t h e  ion scale h e i g h t s  and hence i n f i u e n c e s  t n e  ion 

d i s t r i b u t i o n s .  ( I t  is  a c u r i o u s  f a c t  t h a t  f o r  d i f f u s i v e  e q u i l i b r i u m  t h e  a l t i t u d e  

a t  which any two ion  c o n c e n t r a t i o n s  are e q u a l  i s  independent of T . For t h e  case 

Such a tempera ture  

e 
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when Te > T ,  t h e  0' ion  e f f e c t i v e  scale h e i g h t  i n c r e a s e s  and t h e  H 

e f f e c t i v e  scale h e i g h t  d e c r e a s e s  with t h e  n e t  r e s u l t  t h a t  t h e  l e v e l  of e q u a l i t y  

remains unchanged. 1 

ion 
L 

Some s o l u t i o n s  were o b t a i n e d  t o  t h e  daytime problem wi th  T = 2T,  and e 
This  is somewhat u n r e a l i s t i c ,  w i t h  both  tempera tures  independent of a l t i t u d e .  

s i n c e  Dalgarnn (1963) ana i!anson (1963) have s?.cwn t k t  a t  h i g h  aititudes t b b l  i o n  
temperature ,  ?i, 
should  approach t h a t  of  t h e  e l e c t r o n s .  The s o l u t i o n  is of i n t e r e s t  however, i f  

only  t o  show t h e  effect  of a h igh  e l e c t r o n  tempera ture  on t h e  shape of t h e  F2 

p e a k .  Such a s o l u t i o n  i s  p l o t t e d  as curve B i n  F igure  4 t o g e t h e r  w i t h  a s o h -  

t i o n ,  curve  A ,  f o r  which T = T but which o therwise  h a s  t h e  same c o n d i t i o n s .  

The atmospheric  parameters  are given i n  Table 2. 
e 

The effect n e a r  t h e  F2 peak 

o f  t h e  i n c r e a s e d  Te i s  t o  ra ise  h F2 s l i g h t l y  and t o  lower N,F2 s l i g h t l y ,  as 

might have been p r e d i c t e d ;  t h e s e  d i f f e r e n c e s  are i m p e r c e p t i b l e  on t h e  scale of 

Figure  4. 

approximately t e n  p e r c e n t  l a r g e r  than t h e  one w i t h  Te = Ti. 

o f  Te t o  T .  which may happen dur inp  an e c l i p s e  of t h e  Sun, could  l e a d  t o  an 

i n c r e a s e  of I? F2 by about  t e n  percent  i f  t h e  tempera ture  e q u i l i b r i a t i o n  takes  

p l a c e  i n  a time s h o r t  compared t o  t h e  recombinat ion time of t h e  F-region. 

maximum upward f l u x  of H 

is somewhat smaller f o r  t h e  l a r g e r  v a l u e  of Tee  

m 

The t o t a l  number of oxygen i o n s  i n  t h e  l a y e r  wi th  t h e  h i g h e r  T i s  e 

Thus t h e  c o l l a p s e  

1 

m 
The 

+ i o n s  i n  t h e  t w o  cases i s  n o t  g r e a t l y  d i f f e r e n t ,  b u t  

The e f fec t  of unequal ion and g a s  tempera tures  was i n v e s t i g a t e d  by 

o b t a i n i n g  a s o l u t i o n  w i t h  t h e  ra ther  a r t i f i c i a l  assumption t h a t  T 

Curves D of F igure  4 show t h e  results.  

= Te = 2T. i 

3.4 Conclusions from Daytime F-Region C a l c u l a t i o n s  

In g e n e r a l  it can be seen from t h e  daytime s o l u t i o n s  p r e s e n t e d  (Table  2) 

t h a t ,  u n l e s s  t h e  hydrogen c o n c e n t r a t i o n  is c o n s i d e r a b l y  l a r g e r  t h a n  g e n e r a l l y  
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assumed (e .g . ,  Kockarts  and N i c o l e t ,  19631, it is r a t h e r  u n l i k e l y  t h a t  t h e  

a source  of 11' i o n s  r e q u i r e d  t o  maintain t h e  n i g h t t i m e  ionosphere can be gen- 

e r a t e d  i n  t h e  daytime. 

ignored  i n  t h i s  c a l c u l a t i o n ,  i t  seems improbable t h a t  t h e i r  p resence  would i n -  

v a l i d a t e  t h e  above conclusion.  

While t h e  presence  of helium i o n s  h a s  been s p e c i f i c a l l y  

There is some evidence  t h a t  i n  fac t  t h e  daytime 

hydrogen c o n c e n t r a t i o n s  a r e  l a r g e r  t h a n  p r e d i c t e d  by Kockarts  and Flicolet  (1963) 

by a f a c t o r  of approximately f i v e  (IIanson, P a t t e r s o n ,  and Degaonkar, 1963) .  

Part of t h i s  i n c r e a s e  may be due t o  t h e  fac t  t h a t  most of  t h e  hydrogen i s  

evapora ted  from t h e  s u n l i t  s i d e  of t h e  e a r t h  (Hanson and P a t t e r s o n ,  1963) .  Curves 

Cr in  Figure 4 r e s u l t  from choosing t h e  n e u t r a l  hydrogen c o n c e n t r a t i o n  f i v e  times 

l a r g e r  t h a n  f o r  curves  A and B and t a k i n g  T = 2T. 
e 

4. ALTENJATIVES TO DIFFUSIVE REPLENISHEIENT OF TIIE DAYTIflE F-REGION 

4 .1  P h o t o i o n i z a t i o n  of  Atomic Hvdroeen 

The daytime protonosphere might concievably  be r e p l e n i s h e d  by d i r e c t  

p h o t o i o n i z a t i o n  of a tomic hydrogen. A n  estimate w i l l  now be made of  t h e  

importance of t h i s  source.  If t h e  n e u t r a l  hydrogen were d i s t r i b u t e d  hydro- 

2 s t a t i c a l l y  wi th  a l t i t u d e ,  t h e  product ion ra te ,  S f i ,  of hydrogen i o n s  p e r  c m -  

column above 400 km would be given by, 

2H 1 
SII = a H 4  r 

n ( 4 0 0  km) H 1 ( l  t -) ( 3 1 )  

where a is  t h e  p h o t o i o n i z a t i o n  r a t e  c o e f f i c i e n t  of  a tomic hydrogen, n (400  km) 

is t h e  n e u t r a l  hydrogen c o n c e n t r a t i o n  a t  400 km, r i s  t h e  d i s t a n c e  of  t h e  400 km 

H 4 

l e v e l  from t h e  c e n t e r  of t h e  e a r t h ,  and H is t h e  n e u t r a l  hydrogen scale h e i g h t  

a t  400 km. This  e q u a t i o n  should g i v e  an upper  l i m i t  t o  t h e  magnitude of t h e  

1 

i n  t h e  exosphere f a l l s  below t h e  h y d r o s t a t i c  d i s t r i b u t i o n .  

1 0  

Taking n4 (400  km) = 

sec" ( H i n t e r e g g e r ,  1960) 
5 -7 

~ m - ~ ,  T = 1000°K, H1 = 1000 km and a = 4.5 x 10 
H 
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6 -2 g i v e s  S = 5.8 x 10  cm sec- l .  The number produced du r ing  a 1 2  hour day 

Gould t h u s  be 2 x 1 0 l 1  cm'2 which is t o o  small t o  s i g n i f i c a n t l y  a f f e c t  t h e  F 

H 

r eg ion .  The source  could  be s i g n i f i c a n t  however, t o  t h e  e s t ab l i shmen t  of t h e  

pro tonosphere  i t se l f .  

4.2 Local I o n i z a t i o n  Source 

Near t h e  a u r o r a l  zone t h e  p r e c i p i t a t i n g  e n e r g e t i c  p a r t i c l e s  c e r t a i n l y  

c o n s t i t u t e  an a p p r e c i a b l e  sou rce  of n i g h t t i m e  i o n i z a t i o n .  I t  is  d i f f i c u l t  t o  

show c o n c l u s i v e l y  t h a t  t h e  i o n i z a t i o n  caused by e n e r g e t i c  p a r t i c l e s  a t  lower  

l a t i t u d e s  i s  n e g l i g i b l e ,  bu t  t h e r e  are c e r t a i n  c o n s t r a i n t s  which t h i s  par t ic le  

f l u x  must  s a t i s f y .  I t  must cause more than  10  8 i o n i z a t i o n  e v e n t s  p e r  cm 2 p e r  sec 

above t h e  F2 peak,  and it must do t h i s  wi thout  r a i s i n g  t h e  e l e c t r o n  t empera tu re  

more than  a few hundred degrees  above t h e  gas  tempera ture .  F u r t h e r ,  it must 

n o t ,  n o r  should  t h e  secondary e l e c t r o n s ,  e x c i t e  more oxygen atoms t o  t h e  'D 

s t a t e  t h a n  it i o n i z e s .  The number of oxyRen atoms r a i s e d  t o  t h e  'S  s t a t e  must 

be c o n s i d e r a b l y  l e s s  t han  t h e  number of i o n i z i n g  e v e n t s .  

i o n i z a t i o n  i n  t h e  p rope r  a l t i t u d e  range a f l u x  of f a s t  e l e c t r o n s  g r e a t e r  t han  

lo9 cm'2 sec-' would be r e q u i r e d .  

To cause  t h e  r e q u i s i t e  

I t  seems d o u b t f u l  t h a t  a p a r t i c l e  f l u x  of t h e  c o r r e c t  p i t c h  ang le  and 

ene rgy  d i s t r i b u t i o n  cou ld  be c o n s t r u c t e d ,  and even less l i k e l y  it would e x i s t  

on such  a r e g u l a r  b a s i s .  However, it is  q u i t e  p o s s i b l e  t h a t  t h e s e  p a r t i c l e  

f l u x e s  could  p l a y  a s i g n i f i c a n t  r o l e  on some occas ions .  

4.3 The E f f e c t  of V e r t i c a l  Drift  

An a l t e r n a t i v e  h y p o t h e s i s  t o  ma in ta in ing  t h e  n i g h t t i m e  F l a y e r  by charge  

exchange i s  t h a t  t h e  e f f e c t i v e  decay rate of t h e  l a y e r  may be decreased  i n  an 

e n t i r e l y  d i f f e r e n t  manner. 

may have a s t r o n g  p o s i t i v e  tempera ture  dependence, t h e r e  is no  ev idence  t h a t  

While  it is p o s s i b l e  t h a t  t h e  r a t e  c o e f f i c i e n t  K, ,  
A 2  

t h i s  is SO. On t h e  o t h e r  hand. it can be shown t h a t  an upward d r i f t  v e l o c i t y  w of 
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t h e  i o n i z a t i o n  t e n d s  t o  r a i s e  t h e  F2 peak, and t o  d e c r e a s e  t h e  e f f e c t i v e  decay 

- r a t e  of t h e  l a y e r  (Martyn, 1947; Nartyn, 1956; Cuncan, 1956).  The changes i n  

t h e  h e i g h t  of t h e  F2 peak by t h i s  process have been c a l c u l a t e d  f o r  t h e  e lec t r ic  

f i e l d  a s s o c i a t e d  t h e  S c u r r e n t  system (Hirono,  1955).  There i s  some u n c e r t a i n t y  

as t o  t h e  e x a c t  phase of t h i s  d r i f t  v e l o c i t y ,  b u t  t h e r e  is g e n e r a l  agreement 

t h a t  t h e  d r i f t  is upwards between midniEht and s u n r i s e ,  which is t h e  approximate 

time i n t e r v a l  when t h e  decay rate appears  t o  have i t s  smallest value.  I n  o r d e r  

t o  make t h e  subsequent  a n a l y s i s  t r a c t a b l e  it w i l l  be e x p l i c i t l y  assumed t h a t  

t h e  v e r t i c a l  i o n i z a t i o n  d r i f t  v e l o c i t y  is independent of a l t i t u d e .  This  is an 

impor tan t  r e s t r i c t i o n  and many of t h e  c o n c l u s i o n s  w i l l  r e q u i r e  m o d i f i c a t i o n  i f  

w v a r i e s  g r e a t l y  w i t h  a l t i t u d e .  

9 

When oxygen i o n s  a l o n e  are p r e s e n t  ( 1 5 )  reduces  t o  t h e  s i m p l e r  form, 

, 2 n 

and ( 1 2 )  g i v e s  d i r e c t l y  

( 3 2 )  

( 3 3 )  
a n 3  - a43 *"3 

-% - -  - w -  
- -  
a t  dz dZ 

H d e n o t e s  t h e  scale h e i g h t  of atomic oxygen given by ( 2 7 )  ( t h e  s u b s c r i p t  3 h a s  

been dropped f o r  convenience 1, 

The s o l u t i o n  of ( 3 2 )  and ( 3 3 )  h a s  been d i s c u s s e d  by I4artyn (19561, Duncan 

(1956)  and Dungey (1956) when H i s  independent  of a l t i t u d e .  Martyn (1956)  show- 

e d  t h a t  i f  w =  0 and B a e a s t a b l e  l a y e r  of i o n s  would form having t h e  

shape  of a Chapman l a y e r .  

l y  w i t h  time and have a time cons tan t  1/1, where 1 is t h e  v a l u e  of t h e  loss coef-  

f i c i e n t  a t  t h e  F2 peak and i s  given by D / 4 H 2 .  

H e  f u r t h e r  showed t h a t  t h e  l a y e r  would decay exponent ia l -  

D is t h e  familiar ambipolar  d i f -  
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f u s i o n  c o e f f i c i e n t ,  g iven  approximately by . 

Duncan (1956)  extended Martyn's work w i t h  w(z) = c o n s t a n t  and showed t h a t  a 

s t a b l e  Chapman l a y e r  would s t i l l  be formed but  t h a t  it would be d i s p l a c e d  

v e r t i c a l l y  from i t s  normal pos ix ion  by t h e  amount A Z  = H a r c  sin11 w H / D ,  where 

D is  determined a t  t h e  F2 peak when w = 0. Dungey (1956)  showed t h a t  so long  as 

6 decreased  e x p o n e n t i a l l y  wi th  a l t i t u d e ,  a s t a b l e  l a y e r  would form which decayed 

uniformly and e x p o n e n t i a l l y  w i t h  time, but  t h a t  t h e  l a y e r  was n o t  n e c e s s a r i l y  

Chapman-like. 

were p r e s e n t e d  by Rishbeth and Barron ( 1 9 6 0 )  f o r  v a r i o u s  scale h e i g h t  of  6; t h e y  

a l s o  took account  of v e r t i c a l  g r a d i e n t s  i n  t h e  a tmospher ic  tempera ture .  

f luner ica l  s o l u t i o n s  t o  t h i s  problem ( i n c l u d i n g  p h o t o i o n i z a t i o n )  

P a r t i c u l a r  s o l u t i o n s  t o  ( 3 2 )  and ( 3 3 )  can be expressed  as 

and ( 3 6 )  

where I? 3 and h are independent of t i m e .  S u b s t i t u t i n g  ( 3 5 )  and ( 3 6 )  i n t o  

( 3 2 )  and ( 3 3 )  y i e l d s  t h e  e q u a t i o n s ,  

3' 

d Z  2ti 2b23 

and ( 3 8 )  

where it can l e  seen  t h a t  X i s  t h e  v a l u e  of t h e  loss c o e f f i c i e n t  a t  t h e  a l t i t u d e  

- w i 4 e L - e  .L - _- - j3 T i ~ '  w is maximai; i n  g e n e r a i  t h i s  w i i i  n o t  o c c u r  wnere big is maximai, 
3 

Numerical s o l u t i o n s  t o  ( 3 7 )  and ( 3 8 )  are o b t a i n e d  i n  t h e  f o l l o w i n g  manner, 

The e q u a t i o n s  are s o l v e d ,  f o r  a p a r t i c u l a r  choice  of n 

i n  ( 2 2 )  and (241,  i n  t h e  r e g i o n  below a r e f e r e n c e  a l t i t u d e  zo which is choosen 

( 4 0 0  k m ) ,  B(400 km) and T 2 
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s u f f i c i e n t l y  h igh  t h a t  0' can be assumed t o  be i n  d i f f u s i v e  e q u i l i b r i u m ,  

3' 
The upper  boundary c o n d i t i o n  on 

can t h e n  be e v a l u a t e d  t o  g i v e  

4 
7 

I t  may be n o t e d  t h a t  6 h a s  t h e  s c a l e  h e i g h t  of molecular  n i t r o g e n ,  - H.  

Eq. ( 4 0 )  e x p r e s s e s  t h e  interdependence of  4 ( z  ) and A ,  
3 0  

and so) !  ( z  ) may be a r b i t r a r i l y  a s s i g n e d ,  
3 3 0  

The e q u a t i o n s  are l i n e a r  i n  N 

An a r b i t r a r y  v a l u e  fo r  $ ( z  

from ( 4 0 ) .  E q s .  ( 3 6 )  and ( 3 7 )  a r e  t h e n  i n t e g r a t e d  downwards t o  de termine  i f  

t h e  s o l u t i o n  satisfies t h e  lower boundary c o n d i t i o n s  t h a t  $ 

as z -t 0 ( t h e  method of  Rishbeth and Barron,  1960) .  

as z + 0 ,  $ ( z o )  is a d j u s t e d ,  a new v a l u e  f o r  

cedure is r e p e a t e d  u n t i l  a s a t i s f a c t o r y  s o l u t i o n  is found. 

i s  chosen and a cor responding  v a l u e  of X d e r i v e d  
3 0  

+ 0 and 11 -t 0 
3 3 

If t h e  s o l u t i o n  d i v e r g e s  

is d e r i v e d  from ( 4 0 )  and t h e  pro-  
3 

To estimate t h e  p o s s i b l e  v e r t i c a l  d r i f t  of t h e  n i g h t t i m e  F l a y e r  a p a r t i c u l a r  

s e t  of ionosonde r e c o r d s  ( k i n d l y  suppl ied  t o  u s  by G. H .  Stonehocker of t h e  

National Bureau of  S t a n d a r d s )  w i l l  be  examined. These were o b t a i n e d  from San 

Sa lvador  (magnet ic  d i p  "-55°)in the e a r l y  hours  of 12 A p r i l  1961; t h e  ionosonde 

d a t a  were confirmed by s imultaneous measurements from a Blue Scout Rocket 

(Sagalyn and Smiddy, 1964) .  

The n e u t r a l  p a r t i c l e  temperature  d e r i v e d  from t h e  r a d i o - n o i s e  f l u x  f o r  

this time (Fiarris and P r i e s t e r ,  1962)  is about  720OK. 

t o  de termine  t h e  p e r t i n e n t  parameters  f o r  t h e  ensuing  c a l c u l a t i o n s .  The oxygen 

atom c o n c e n t r a t i o n  a t  t h e  h e i g h t  of t h e  F2 peak ( 2  3 km) i s  o n l y  9.4 x l o 7  ~ m ' ~  

f o r  T 1 720°K, accord ing  t o  Harris and Pr ies ter  (1962) .  

T h i s  tempera ture  i s  adopted 

I t  is p o s s i b l e  t o  o b t a i n  
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a good fit  t o  t h e  measurements f o r  v a r i o u s  combinat ions of 6 and v e r t i c a l  d r i f t  

* v e l o c i t i e s  W. With w = 0 ,  and t h e  c o l l i s i o n  c o e f f i c i e n t  b23 = 4.88 x 1 0 l 8  cm'l 

sec'', it is found t h a t  6(330) = 7.75 x 

case, however, X = 1.16 x 

d i s s i p a t e d  i n  less t h a n  one hour.  The 

sec'l y i e l d s  a b e s t  fit .  

sec-l ,  so  t h a t  t h e  l a y e r  would be almost completely 

ionosonde d a t a ,  on t h e  o t h e r  hand, show 

I n  t h i s  

t h a t  N F2 was n e a r l y  c o n s t a n t .  I f  it i s  assumed t h a t  ( 1 9 )  i s  t h e  a p p r o p r i a t e  

l o s s  p r o c e s s ,  and Harris and Friester 's  (1962)  v a l u e  f o r  t h e  molecular  n i t r o g e n  

c o n c e n t r a t i o n  of 1 x l o 7  ~ m ' ~  a t  230 km is  accepted ,  t h e n  K 

c m 3  sec'l f o r  R(330)  = 7.75 x sec'l. Such a l a r g e  v a l u e  f o r  K would 

c l e a r l y  be d i f f i c u l t  t o  r e c o n c i l e  with t h e  daytime F r e g i o n  (Bates and N i c o l e t ,  

1960) .  

m 

= 7.75 x 
1 9  

19 

Smal le r  v a l u e s  of B(33C km) and of  X can be o b t a i n e d  i f  a p o s i t i v e  v a l u e  is  

adopted f o r  w. 

manner. From ( 3 2 )  

The dependence of h F2 on w can be e s t i m a t e d  i n  t h e  fo l lowing  m 

where ZT = 5, t N3w is t h e  sum of t h e  f l u x e s  due t o  d i f f u s i o n  and v e r t i c a l  

d r i f t .  Hence, when w = 0 ,  

+ 
where M and Do are r e s p e c t i v e l y  t h e  downward d i f f u s i o n  v e l o c i t y  of  0 

t h e  ambipolar  d i f f u s i o n  c o e f f i c i e n t  as d e f i n e d  by ( 3 3 )  a t  the F2 peak when :: = 0. 

If t h e  e f fec t  of  w were t o  d i s p l a c e  t h e  F r e g i o n  v e r t i c a l l y  with no d i s t o r t i o n  

of shape ,  t h e  f l u x  through t h e  F2 peak should d e c r e a s e  as B(hmF2). Hence, f o r  

i o n s  and 
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f i n i t e  w, 

3 ( h  F 2 )  = 5 (w=O) exp(-7AZ/4H) 
T m  T 

(43) 

and 

D(h F2) = Do exp(AZ/H), ( 4 4 )  n 

where AZ r e p r e s e n t s  t h e  v e r t i c a l  displacement  of t h e  F2 peak from i t s  p o s i t i o n  

when w = Odue t o  t h e  d r i f t  v e l o c i t y  w. AZ h a s ,  of c o u r s e ,  t h e  same s i g n  a s  w. 

S u b s t i t u t i n g  ( 4 3 )  and ( 4 4 )  i n t o  (41)) it f o l l o w s  t h a t  

w = W[ exp(AZ/H) - exp(-7AZ/4H)]. ( 4 5 )  

If B had been t a k e n  t o  have t h e  same scale h e i g h t  a s  a tomic oxygen, ( 4 4 )  would 

reduce t o  ( w / W )  = 2 s i n h  ( A Z j H ) ,  a s  deduced by Duncan (1956) .  

From t h e  numer ica l  s o l u t i o n  of ( 3 7 )  and (381,  it i s  found t h a t  t h e r e  is 

some shape d i s t o r t i o n  of  t h e  F reg ion  when B h a s  a scale h e i g h t  of - H ,  w i t h  

a tendency f o r  t h e  r e g i o n  below t h e  F2 peak t o  become t h i c k e r  as w i n c r e a s e s .  

This  d i s t o r t i o n  c a u s e s  t h e  e f f e c t i v e  B of t h e  l a y e r  (and t h e r e f o r e  Z T ( h  F2))  t o  

f a l l  o f f  more s lowly  wi th  a l t i t u d e  thEn t h e  c o n c e n t r a t i o n  of  molecular  n i t r o g e n .  

E m p i r i c a l l y ,  t h e  e x p r e s s i o n  

4 
7 

m 

w = W[ exp(AZ/H) - exp(-SAZ/4H)] (46) 

is found t o  provide  an e x c e l l e n t  f i t  t o  t h e  numer ica l  c a l c u l a t i o n s  f o r  bo th  

p o s i t i v e  and n e g a t i v e  v a l u e s  of w as is shown i n  F igure  5. 

s o c i a t e d  wi th  t h i s  f i g u r e  are shown i n  Table  3. 

( 4 6 )  can be w r i t t e n  

The parameters  as- 

For small ( A Z / H )  t h e  e x p r e s s i o n  
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4 w  

9 w  
AZ = 0 - H  - (47 )  

The work of  Dungey (1956)  imp l i e s  t h a t  when w = 0 and when H i s  assumed 

t o  be independent  of a l t i t u d e  t h e  va lue  o f  8H2/D a t  t h e  F2 peak depends on ly  

on t h e  scale h e i g h t s  of 8 and D. 

e r i ca l  s o l u t i o n  o f  ( 3 7 )  and ( 3 8 1 ,  with t h e  c o r r e c t  a l t i t u d e  dependence o f  H 

For t h e  scale h e i g h t s  chosen h e r e ,  t h e  num- 

inc luded ,  shows t h a t  f o r  w = 0 ,  

[ 8 H 2 / D 0 ]  = 0.13. ( 4 8 )  
h F2 m 

Eq. ( 4 8 )  a l lows  hmF2 t o  be determined when w = 0 if T i s  g iven  and B and D 

are known a t  one a l t i t u d e .  

c u l a t e d  f o r  any va lue  of w. 

w i th  t h e  ionosonde d a t a ;  t h e  r e s u l t s  are shown i n  F iFures  6 and 7. 

t h e  c o l l i s i o n  c o e f f i c i e n t  f o r  t h e  d i f f u s i o n  o f  0' th rough 0 has  been t aken  t o  be 

= 4.88 x 10l8 cm'l sec'l (Nason and Vander s l i ce ,  1964 ;  Dalgarno, p r i v a t e  b23 

communication),  whereas i n  F igu re  7 t h e  va lue  p r e v i o u s l y  sugges ted  by Dalgarno 

(1961)  b23 = 1.96 x 10l8 cm'l sec'l h a s  t e e n  used. 

t i o n  o f  0 may be cons ide red  two and one h a l f  times l a r g e r  f o r  F igure  7 than  f o r  

F igu re  6 ,  bu t  w i th  t h e  l a r g e r  c o l l i s i o n  c o e f f i c i e n t  i n  Loth cases. The f a c t o r  

s i n 2  I s 2/3  (San S a l v a d o r ) ,  which should  p r o p e r l y  be used t o  modify t h e  c o l -  

Thus, ( 4 6 )  t o g e t h e r  w i th  ( 4 8 )  enab le  hmF2 t o  be cal- 

Such an a n a l y s i s  has  been c a r r i e d  o u t  f o r  comparison 

I n  F igure  6 

A l t e r n a t i v e l y ,  t h e  concent ra -  

l i s i o n  c o e f f i c i e n t s ,  h a s  n o t  been inc luded  i n  t h e  above c a l c u l a t i o n s .  

-1 

t h e n  w must be g r e a t e r  t han  1 0 0  m/sec. The va lue  of  h F2 wi th  w = 0 would t h e n  

be less than  300 km. 

I t  is  appa ren t  from Figure  6 t h a t  if $(hmF2) is  t o  be less t h a n  sec , 

m 
The magnitude of A ,  which a c t u a l l y  de t e rmines  t h e  decay 

r a t e  of  t h e  l a y e r ,  i s  l a r g e r  t han  B(hmF2) and depends on w. The expres s ion  

X/B(h F2)= 1 . 5  t 0.2(w/W) (49 )  m 
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h a s  been o b t a i n e d  from t h e  numerical  c a l c u l a t i o n s  and is a c c u r a t e  t o  b e t t e r  

t h a n  10 p e r c e n t  f o r  I w / W l  c 4. 

t h a t  i n  fac t  t h e  decay c o n s t a n t  f o r  N F2 was approximately 3 x 10’’ sec m 
d u r i n g  t h e  p e r i o d  from 1:OO A14 t o  3:OO AIi local  time ( h  F2 remained n e a r l y  

c o n s t a n t  o v e r  t h i s  time i n t e r v a l ) .  Even i f  t h e  smaller d i f f u s i o n  c o e f f i c i e n t  

i s  t a k e n ,  Figure 7 shows t h a t  w > 3 1  m/sec f o r  B(hmF2) < lo-‘ sec The 

h e i g h t  of  t h e  F2 peak w i t h  w = 0 would be l e s s  t h a n  315 km f o r  t h i s  case. 

The ionosonde d a t a  from San Sa lvador  i n d i c a t e  

-1 

m 

-1 , 

I t  

should  be remarked t h a t  t h e  thermal  c o n t r a c t i o n  o f  t h e  ionosphere  a t  n i g h t  w i l l  

g i v e  r i s e  t o  an e f f e c t i v e  s o u r c e  of i o n i z a t i o n  which could be t a k e n  i n t o  account 

by adding  a term BTN3 t o  t h e  r i g h t  hand s i d e  of (38) .  

approximate ly  1 0  

The magnitude of B i s  T 
-5 sec-’, T h i s  term should  p r o p e r l y  be d e a l t  w i t h  when X is 

of t h i s  o r d e r ,  bu t  h a s  n o t  been considered i n  t h e s e  c a l c u l a t i o n s .  

One of  t h e  e x p l i c i t  assumptions i n  t h e  above d i s c u s s i o n  is t h a t  t h e  scale 

h e i g h t  of t h e  ambipolar  d i f f u s i o n  c o e f f i c i e n t  is t h e  same as t h a t  of n e u t r a l  

a tomic  oxygen, This isis good assumption provided t h a t  a tomic oxygen i s  t h e  pre-  

dominant n e u t r a l  c o n s t i t u e n t .  

t h i s  assumption i s  no  l o n g e r  a good approximation;  should t h i s  e q u a l i t y  l e v e l  

Below t h e  a l t i t u d e  where t h e  r a t i o  n(0) /n(N2)  = 1, 

be n e a r  t h e  F2 peak, t h e n  t h e  above s imple  a n a l y s i s  would need t o  be modif ied i n  

a s t r a i g h t f o r w a r d ,  b u t  n o t  t r i v i a l ,  manner. The c o n c l u s i o n s  would be a l t e r e d  some- 

what,  bu t  q u a l i t a t i v e l y  would remain t h e  same. 

The q u a n t i t y  a/H, where a i s  t h e  d i s t a n c e  measured downwards from t h e  F2 

peak t o  t h e  l e v e l  where t h e  ion  c o n c e n t r a t i o n  i s  - I i  f 2 ,  may be o b t a i n e d  from 

t h e  numer ica l  s o l u t i o n s .  The value of a/H is  n o t  too s e n s i t i v e  t o  w, and for  

w = 0 a/H = 1.18. For a Chapman l a y e r  a/H = 1.46.  I i i sbe t  and Quinn (1963) have 

deduced H from some ionograms by f i t t i n g  a Chapman l a y e r  t o  t h e  ion  c o n c e n t r a t i o n  

1 
2 m  

below t h e  F2 peak, To take account of t h e  d i f f e r e n t  form of t h e  recombinat ion 
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c o e f f i c i e n t  f o r  a Chapman l a y e r ,  t h e  p r e s e n t  r e s u l t s  would i n d i c a t e  t h a t  t h e i r  

scale h e i g h t s  should  be inc reased  by a f a c t o r  of 1,46/1.18 which would b r i n g  

about  r a t h e r  good agreement between t h e i r  d e r i v e d  scale h e i g h t s  and t h e  atmo- 

s p h e r i c  models t h e y  d i s c u s s .  

I t  would appea r  from t h e  above a n a l y s i s  of t h e  ionosonde d a t a  t h a t  a v e r -  

t i c a l  i o n i z a t i o n  d r i f t  v e l o c i t y  of a t  least  30 d s e c  must have been p r e s e n t  f o r  

a p e r i o d  g r e a t e r  t han  two hours.  

n e a r  t h e  F2 peak i s  c l o s e l y  approximated by (Dougherty 1961) 

The e x p r e s s i o n  f o r  t h e  v e r t i c a l  d r i f t  v e l o c i t y  

E 
w = L c o s  I t u s i n  I c o s  I ,  ( 5 0 )  

a 
where E is t h e  eas tward  cor;lponent of t h e  e l e c t r i c  f i e l d ,  I is  t h e  magnet ic  d i p  

ang le  and U i s  t h e  southward component of t h e  a tmospher ic  wind v e l o c i t y ,  Tak- 
Y 

i ng  E = 0 ,  a wind v e l o c i t y  U 64 m/sec i s  r e q u i r e d  t o  e s t a b l i s h  t h e  minimum 
Y 

v a l u e  of w = 30 m/sec de r ived  above, As Dougherty (1961) has emphasized, t h e  i o n s  

e x e r t  a d r a g  on t h e  a tmospher ic  wind system which t e n d s  t o  clamp o u t  t h e  r e l a t i v e  

i o n - n e u t r a l  h o r i z o n t a l  v e l o c i t y .  The t i m e  c o n s t a n t  a s s o c i a t e d  wi th  t h i s  mechanism 

is 

'I = mb23/kTn3 (51) 

and i s  approximate ly  35 rrrinutes an3 90 minutes  r e s p e c t i v e l y  fo r  t h e  smaller and 

l a r g e r  v a l u e s  of b used here .  As s t a t e d  above,  t h e  F2 peak h e i g h t  remained 

n e a r l y  c o n s t a n t  for more than  two hours ,  i n d i c a t i n g  t h a t  w d i d  n o t  change ap- 

p r e c i a b l y  i n  t h i s  time. 

23 

The n e u t r a l  wind system could be main ta ined  i n  s p i t e  of t h e  ion  d r a g  

f o r c e s  by a 'nor iconid.  atmospheric pressure g r s $ i e E t ,  The slope S of t h e  

c o n s t a n t  p r e s s u r e  s u r f a c e  r e q u i r e d  t o  ma in ta in  a g iven  w can be e s t i m a t e d  from 

t h e  e x p r e s s i o n  
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. 
BP 

S = ( H / ~ J ) - =  (w/b23)n3H c o t  I ,  
8 X  

(52) 

where p i s  t h e  a tmospher ic  p r e s s u r e  and x i s  t h e  nor th-south  c o o r d i n a t e .  

For t h e  p a r t i c u l a r  case d e s c r i b e d  here,  (52) y i e l d s  a va lue  of fo r  S. 

The e x i s t e n c e  of such a s m a l l  s lope  c e r t a i n l y  cannot  be r u l e d  o u t  on t h e  b a s i s  

of o u r  p r e s e n t  knowledEe o f  t h e  atmospheric p r e s s u r e  a t  t h e s e  h e i g h t s .  

I t  is of course  f u t i l e  t o  t r y  t o  draw any g e n e r a l  c o n c l u s i o n s  from t h e  

behavior  of t h e  F2 peak on o n l y  one occas ion  a t  one l o c a t i o n .  A c u r s o r y  exam- 

i n a t i o n  of h F2 d a t a  shows however t h a t  t h i s  occas ion  was n o t  very  e x c e p t i o n a l .  

I t  is clear  t h a t  a c l o s e r  look a t  t h e  abundant ionosonde d a t a  from t h i s  p o i n t  

m 

of view may be p r o f i t a b l e  i n  understanding how t h e  F r e g i o n  i s  main ta ined  a t  

n i g h t ,  and nay a l s o  c o n t r i b u t e  t o  our  unders tanding  of  g l o b a l  wind p a t t e r n s  (and/or  

i o n o s p h e r i c  e l ec t r i c  f i e l d s ) .  For example, i f  t h e  v a r i o u s  atmospheric  parameters  

can be well  enough e s t a b l i s h e d  so t h a t  w can be r e l i a b l y  i n f e r r e d  from h F2 i n  

t h e  manner d e s c r i b e d  above, t h e n  ( 5 0 )  and t h e  e q u a t i o n  (Dougherty,  1961)  

m 

E D 
= u cos2  I -2 s i n  I - - s i n  I c o s  I u: (53) 

I B 2H 

can be used t o  determine E and U a t  t h e  F2 peak uniquely  i f  t h e  n o r t h - s o u t h  
Y 

component of t h e  i o n i z a t i o n  d r i f t  v e l o c i t y  u is s imul taneous ly  measured. So l -  i 

u t i o n  of ( 5 0 )  and ( 5 3 )  g i v e s  

D 
2 H  i U = w t a n  I t - c o s  I t u 

and 

(-54 1 

While it i s  t r u e  t h a t  measurements of ui are somewhat ambiguous, t h o s e  r e c e n t l y  

r e p o r t e d  by Rao and Rao (1963) appear t o  have t h e  c o r r e c t  o r d e r  of magnitude t o  

be c o n s i s t e n t  wi th  t h e  a n a l y s i s  presented  here .  
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I t  should be emphasized t h a t  maintenance of  a h i g h  h F2 by a change i n  

8 d i f f e r s  fundamental ly  from maintenance by a v e r t i c a l  d r i f t  o f  i o n i z a t i o n .  
m 

I t  

i s  t r u e  t h a t  t h e  a l t i t u d e  of t h e  e q u i l i b r i u m  (w O)F2 peak can be i n c r e a s e d  by 

i n c r e a s i n g  B ,  The n e t  e f f ec t ,  however, is t o  i n c r e a s e  t h e  r a t e  of decay of  t h e  

l a y e r ,  (The i n c r e a s e  i n  decay r a t e  i s  n o t  l a r g e ;  i n c r e a s i n g  B by a f a c t o r  1 0  

i n c r e a s e s  h by o n l y  a f a c t o r  o f  2 , )  On t h e  o t h e r  hand, i f  t h e  F2 peak h e i g h t  is 

r a i s e d  by v e r t i c a l  d r i f t ,  t h e  n e t  e f fec t  i s  t o  d e c r e a s e  t h e  ra te  of decay of t h e  

l a y e r .  On many o c c a s i o n s  h F2 i n c r e a s e s  a t  n i e h t ;  while  t h i s  could be due t o  

s e v e r a l  causes, it is n o t  impossible  t h a t  t h e  e f fec t  o c c u r s  n a t u r a l l y  because 

t h e  ionosonde is sampling a d i f f e r e n t  p a r t  o f  ionosphere a t  d i f f e r e n t  times due 

t o  t h e  h o r i z o n t a l  d r i f t  of t h e  i o n i z a t i o n  which accompanies t h e  v e r t i c a l  d r i f t  

when t h e  movement is  due t o  e lectr ic  f i e l d s  ( r a t h e r  t h a n  n e u t r a l  winds which, i n  

e f fec t ,  cause  o n l y  a v e r t i c a l  displacement  of t h e  l a y e r ) .  

m 

5. CONCLUSIO~JS 

I t  seems most u n l i k e l y  t h a t  t h e  F r e g i o n  is  maintained a t  n i g h t  by u t i l i z i n g  

t h e  protonosphere as an i o n i z a t i o n  source .  Cn t h e  o t h e r  hand, t h e  v e r t i c a l  

d r i f t  o f  t h e  i o n i z a t i o n  t o  a region where t h e  recombinat ion is r e l a t i v e l y  slow 

a p p e a r s  t o  be an a t t r a c t i v e  a l t e r n a t i v e .  The s imul taneous  o b s e r v a t i o n  of h F2 

and t h e  i o x i z a t i o n  d r i f t  v e l o c i t y  a t  n i g h t  can be u t i l i z e d  t o  i n f e r  t h e  e lec t r ic  
m 

f i e l d  and t h e  southward component of t h e  atmospheric  wind v e l o c i t y  a t  F r e g i o n  

h e i g h t s ,  

Acknowledgements - The a u t h o r s  thank Dr. S. S. Degaonkar f o r  h i s  a s s i s t a n c e  

w i t h  p a r t  of t h i s  r e s e a r c h ,  Drs, J. A,  Fejer and F, S. Johnson fo r  t h e i r  u s e f u l  

comments, and Miss Jeanne Ligon f o r  h e r  h e l p  wi th  t h e  numer ica l  c a l c u l a t i o n s .  

The r e s e a r c h  was suppor ted  by t h e  Nat iona l  Aeronaut ics  and Space Administra- 

t i o n  under  Grant NsG-269-62, 



- 26 - 

REFERENCES 

Bates, D. R. and T,  N.  L. Pa t t e r son ,  Hydrogen atoms and i o n s  i n  t h e  thermosphere 

and exosphere ,  P l a n e t ,  Space Sc i . ,  5 ,  256, 1961. - 
Chapman, S . ,  and T,  G. Cowling, Kathematical  Theory of l!on-Uniform Gases, 

Cambridge U n i v e r s i t y  Press, 1960. 

Croom, S ,  A . ,  H a  R ,  Robbins, and J. 0. Thomas, Curves of  mean e l e c t r o n  d e n s i t y ,  

Watheroo, Kaui, Hauncayo, Cavendish Labora tory ,  S e r i e s  B ,  K O S .  2, 3 and 4, 

Cambridge, 1959. 

Dalgarno, A , ,  Charged p a r t i c l e s  i n  t h e  upper  a tmosphere,  Ann. de GGophys. , 17, 
16, 1961. 

Dalgarno, A. ,  C l ec t ron  and ion tempera tures  i n  t h e  ionosphere ,  Geophysics 

C o q .  of America, 'I I.: 63-11-11, 1963 . 
Dalgarno, A , ,  I.:, h., IkEl roy  and R. J ,  Mof fe t t ,  E lec t ron  t empera tu res  i n  t h e  

ionosphere ,  P l ane t .  Space S c i . ,  11, 463, 1963. - 
Dougherty, J. P . ,  Cn t h e  in f luence  of h o r i z o n t a l  motion of  t h e  n e u t r a l  a i r  on 

t h e  d i f f u s i o n  e q u a t i o n  o f  the F-region,  Jour. Atmos. Terr. Phys . ,  20, 167 ,  

1961. 

- 

Duncan, R. A . ,  P rocesses  governing t h e  n i g h t t i m e  r2 r e g i o n ,  Aust. J ,  Phys., 2, 
436, 1956. 

Dungey, J. W . ,  The e f fec t  of ambipolar d i f f u s i o n  i n  t h e  n i g h t t i m e  F l a y e r ,  Jou r ,  

A t m o s .  Terr. Phys. ,  2, 90, 1956,  

Hanson, W .  B , ,  E l e c t r o n  tempera tures  i n  t h e  upper  a tmosphere,  Space Research 111, 

p, 282 ( e d ,  W, P r i e s t e r ) ,  North Holland Pub l i sh ing  Company, Amsterdam, 1963. 

Hanson, W. B ,  and F. S,  Johnson, E lec t ron  t empera tu res  i n  t h e  ionosphere ,  

I4emoires SOC. Roy. Sci. Lisge ,  i, 390, 1901, 

Hanson, W .  E. and I ,  B. Ortenburger ,  The coup l ing  between t h e  pro tonosphere  

and t h e  normal F r e g i o n ,  Jou r .  Geophys. Res., 66, 1425, 1961. 



- 27 - 
Hanson, W. E . ,  and T ,  N, L. P a t t e r s o n ,  Diurna l  v a r i a t i o n  of  t h e  hydrogen con- 

. c e n t r a t i o n  i n  t h e  exosphere ,  P l ane t .  Space S c i . ,  11, 1035, 1963. - 
Hanson, V. B , ,  T. li. L. P a t t e r s o n  and S,  S. Degaonkar, Some deduc t ions  from 

a measurement of t h e  hydrogen ion d i s t r i b u t i o n  i n  t h e  h igh  atmosphere,  

J o u r ,  Geophys. Res,, 68, 6203, 1963. 

Harris, I .  and i.1, Priester ,  T h e o r e t i c a l  models f o r  t h e  s o l a r - c y c l e  v a r i a t i o n  

of t h e  upper  a tmosphere,  Jour .  Geophys. Res., 67, 4585, 1962 ( a l s o  NASA 

Tech. Note D1444, 1962) .  

- 
Hin te regge r ,  H.  E . ,  I n t e r p l a n e t a r y  i o n i z a t i o n  by s o l a r  extreme u l t r a v i o l e t  

r a d i a t i o n ,  Astrophys.  J . ,  - 132,  801, 1960. 

Hirono, 14. Effect of  g r a v i t y  and i o n i z a t i o n  p r e s s u r e  g r a d i e n t  on t h e  v e r t i c a l  

d r i f t  i n  t h e  F2 r e g i o n ,  Report  of Ionosphere  Research i n  Japan ,  9 ,  95, 1955. 

Johnson,  F. S , ,  The ion d i s t r i b u t i o n  above t h e  F2-maximum, J o u r ,  Geophys. Res., 

- 

65 577, 1960. 
-9 

Knof, H., E. A ,  14ason and J ,  T. Vanders l ice ,  I n t e r a c t i o n  e n e r g i e s ,  charge  ex-  

change c r o s s - s e c t i o n s  and d i f f u s i o n  c r o s s - s e c t i o n s  f o r  N + -1J and 0 t -0 c o l l i s i o n s ,  

Report  IMP-NASA-35, 1963, 

Kockar t s ,  G . ,  and f.1, IIicolet, L e  problkme deronomique de l'h'elium e t  de 

l ' h y d r o g h e  n e u t r e s ,  Ann. Ghophys., 18,  269, 1962. - 
Martyn, D. F . ,  Atmospheric t i d e s  i n  t h e  ionosphere :  I. S o l a r  t i d e s  i n  t h e  F2 

r e g i o n ,  Proc. Roy. SOC., A189,  241 ,  1947, - 
Martyn, D. F , ,  P rocesses  c o n t r o l l i n g  i o n i z a t i o n  d i s t r i b u t i o n  i n  t h e  F2 r e g i o n  

of t h e  ionosphere ,  Aust. J.  Phys., 2, 161,  1956. 

Nagy, A. F., L. H.  Brace, G ,  I?. Carignan and K. Kanal,  Direct Measurements 

b e a r i n g  on t h e  e x t e n t  o f  thermal  non-equi l ibr ium i n  t h e  ionosphere ,  Jou r .  Ceophys. 

Res,, 68, 6401, 1963, 



- 28 - 

N i s b e t ,  J. S. and T. P. Quinn,  The recombinat ion c o e f f i c i e n t  of t h e  n i g h t t i m e  

* ’ F l a y e r ,  Jour .  Geophys. Res., 68, 1031, 1963. 

Rao, G. L. 14. and B. R. Rao, World wide s t u d y  o f  apparent  h o r i z o n t a l  movements 

i n  t h e  F2 r e g i o n  of t h e  ionosphere,  J. Atmosph. Terr. Phys., 26, 213, 1964. 

Rishbeth ,  ti. and D, K. Barron, Equi l ibr ium e l e c t r o n  d i s t r i b u t i o n s  i n  t h e  iono- 

s p h e r e ,  J o u r .  Atmos. Terr. Fhys., 1 8 ,  234, 1360. - 
Sagalyn,  R. C. and 13. Smiddy, E l e c t r i c a l  p r o c e s s e s  i n  t h e  n i g h t t i m e  exosphere ,  

Jour .  Geophys. Res.; 69, 1839, 1964. - 
Smith,  R. L.,  P r o p e r t i e s  of t h e  o u t e r  ionosphere  deduced from nose w h i s t l e r s ,  

J o u r .  Geophys. Res. 66, 3709, 1961.  

Wright,  J. W., Nean e l e c t r o n  d e n s i t y  v a r i a t i o n s  i n  t h e  q u i e t  ionosphere,Kay 

1959-April  1960, I ? a t i o n a l  Bureau of S tandards ,  Technica l  Note 40-13, 1962. 



. 

- 29 - 

CAPTIOIJS 

Figure  1 The effect  of  changing 6 on t h e  n i g h t t i m e  d i s t r i b u t i o n  w i t h  

a l t i t u d e  o f  hydrogen i o n s  and atomic oxygen i o n s .  The c a l c u l a t i o n s  were c a r -  

r i e d  o u t  w i t h  n(0/400 km) = 8.0 x 1 0  cm , n(H/400 km) = 1 0  cm , 

K18 

7 -3 4 -3 

-1 = 4.0 x 10-l' cm3 sec and T = 1000OK. Curves A correspond t o  B(400 km) = 

stc-' while  c u r v e s  B correspond t o  B(400 km) = 10'' sec'l, 

F igure  2 W h i s t l e r  measurements. The f u l l  c u r v e s  show t h e  e l e c t r o n  

c o n c e n t r a t  i o n s  a t  1000 km v e r s u s  geomagnetic l a t i t u d e  as deduced from 

w h i s t l e r  measurements u s i n g  t h e  d i f f u s i v e  e q u i l i b r i u m  e x p r e s s i o n  of  Johnson 

(1960) .  The plasma t e m p e r a t u r e i s  i n d i c a t e d  on each curve.  The dashed c u r v e s  

show 

base  

2 
t h e  tetpl  e l e c t r o n  c o n t e n t  above 1000 km i n  a t u b e  of f l u x  w i t h  a 1 c m  

as a f u n c t i o n  of  geomagnetic l a t i t u d e .  

F igure  3 Daytime d i s t r i b u t i o n  w i t h  a l t i t u d e  of hydrogen i o n s  and a tomic  
8 

-1 
oxygen ions .  The c a l c u l a t i o n s  were c a r r i e d  o u t  with n(0/400 km) = 1.9 x 1 0  

cm , n(H/400 km) = 1 0  CT;: B(400 km) = sec", 

a = 7.0 x sec'', and T = 1350OK. 

whi le  curves  €3 correspond t o  4 ( 0  /800 km) = 0. 

= 9.3 x c m 3  sec , -3 4 -3 
K1 8 

Curves A correspond t o  4 ( O i / 9 0 0  km) = 0 3 
t 

3 

Figure  4 Daytime d i s t r i b u t i o n  w i t h  a l t i t u d e  of hydrogen i o n s  and atomic 
7 

oxygen ions .  The c a l c u l a t i o n s  were c a r r i e d  o u t  w i t h  n(0/400 km) = 8.0 x 1 0  

-1 -1 = 9.3 x c m 3  sec , a = 3.0 x 10-7 sec . B ( 4 0 0  km) = 2.0 x sec KIB 

T = 1000OK. The c u r v e s  l a b e l l e d  A correspond t o  n(H/4OO km) = 2.0 x 1 0  crn and 

Te = T. 

w h i l e  t h o s e  l a b e l l e d  C correspond t o  n(H/400 km) = 1.0  x 1 0  

Curves D have n(H/400 km) = 2.0 x 1 0  cm 

-1 

4 -3 

4 -3 
Those l a b e l l e d  B correspond t o  n(H/400 km) = 2.0 x 1 0  c m  and T, = 2T 

5 -3 c m  and T, = 2T. 

4 -3  and Ti = T = 2T. e 



- 30 - 
Figure  5 A p l o t  of t h e  i n c r e a s e  i n  h F2 measured i n  s c a l e  h e i g h t s  v e r s u s  

m 
b d r i f t  v e l o c i t y  normalized by t h e  v e r t i c a l  d i f f u s i o n  v e l o c i t y  when w = 0. 

1 p l o t t e d  p o i n t s  were determined from numer ica l  s o l u t i o n s  t o  ( 3 7 )  and ( 3 8 )  for  

The 

t h e  c o n d i t i o n s  shown i n  Table 3. 

Figure 6 The r e l a t i o n s h i p s  between 8 a t  an F2 peak h e i g h t  o f  33) km and 

h O F 2  is t h e  h e i g h t  t h e  d r i f t  v e l o c i t y  w r e q u i r e d  t o  maintain h F2 a t  330 km. 

of t h e  F2 peak wi th  w = 0 and W i s  t h e  downward v e r t i c a l  d i f f u s i o n  v e l o c i t y  

(D/2H) a t  t h i s  h e i g h t .  For example, t o  main ta in  h F2 a t  330 km wi th  8 = 

a t  t h i s  l e v e l  hm0F2 i s  found t o  be 299 km, w = 103 m sec’’, and F = 63 m sec-’. 

The c o l l i s i o n  c o e f f i c i e n t  b23 was taken t o  be 4.88 x 10l8 c m ”  sec . 

m m 

-1 sec m 

-1 

Figure 7 S i m i l a r  t o  F igure  6 except  t h a t  bZ3 is  smaller by a f a c t o r  of 2.5. 
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T A B L E  3 

PARAKETEKS ASSOCIATED G!ITH FIGURE 5 
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